To detect the functional significance of subendocardial hypoperfusion in the pressureoverloaded left ventricle, we studied subendocardial and subepicardial function and subendocardial and subepicardial blood flow simultaneously in seven dogs with left ventricular hypertrophy (left ventricle/body weight ratio, 7.2 g/kg) produced by chronic aortic banding. Seven normal dogs served as controls. Subendocardial and subepicardial segment lengths were measured by ultrasonic dimension gauges, and myocardial blood flow was measured with radioactive microspheres. Atrial pacing (180-200 beats/min for 5 minutes) was used to produce a chronotropic stress. In dogs with left ventricular hypertrophy, the subendocardial blood flow failed to increase during pacing compared with the baseline state (1.21±0.17 vs.
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To detect the functional significance of subendocardial hypoperfusion in the pressureoverloaded left ventricle, we studied subendocardial and subepicardial function and subendocardial and subepicardial blood flow simultaneously in seven dogs with left ventricular hypertrophy (left ventricle/body weight ratio, 7.2 g/kg) produced by chronic aortic banding. Seven normal dogs served as controls. Subendocardial and subepicardial segment lengths were measured by ultrasonic dimension gauges, and myocardial blood flow was measured with radioactive microspheres. Atrial pacing (180-200 beats/min for 5 minutes) was used to produce a chronotropic stress. In dogs with left ventricular hypertrophy, the subendocardial blood flow failed to increase during pacing compared with the baseline state (1.21±0.17 vs. 1.22±0.17 ml/min/g). Subendocardial shortening fraction deteriorated with pacing stress (before pacing, 30.6±3.9%; after pacing, 24.2±3.7%; /»<0.001). In controls, subendocardial blood flow increased from 1.32±0.19 to 1.80±0.19 ml/min/g during pacing, and shortening fraction was preserved (before pacing, 25.5±3.9%; after pacing, 25.9±3.3%). Subepicardial blood flow in dogs with hypertrophy increased from 1.54±0.24 to 2.32±0.34 ml/min/g, and subepicardial shortening fraction was maintained (before pacing, 10.4±1.0%; after pacing, 10.5±1.2%) as it was in controls (subepicardial blood flow, from 1.27±0.18 to 2.12±0.17 ml/min/g; shortening fraction, from 16.6±2.5% to 15.5±2.2%). We conclude that, with pacing stress in pressureoverload hypertrophy, subendocardial blood flow failed to increase. This abnormality corresponded with a deterioration in subendocardial contractile function. (Circulation Research 1989; 65:1555 -1564 C ardiac hypertrophy is associated with abnormalities in coronary blood flow. 1 Although myocardial perfusion per unit mass is normal at rest in hearts with pressure-overload left ventricular hypertrophy, the distribution of perfusion to the subendocardium may be reduced. 2 ' 3 This abnormality is worsened during chronotropic stress. 4 -7 Furthermore, metabolic evidence of myocardial ischemia has been demonstrated during hemo-dynamic stress in patients with aortic stenosis and in dogs with hypertrophy. 8 -11 Although subendocardial underperfusion in pressure-overload hypertrophy has been denned, its functional significance is unknown. Recently, Fujii et al 12 demonstrated reduced cardiac performance of the pressureoverloaded heart during chronotropic stress. However, it is still undetermined whether such a reduction in performance is due to subendocardial dysfunction corresponding to reduced subendocardial blood flow or due to global dysfunction.
Recent studies have defined the relation between regional myocardial blood flow and regional contractile function in different layers of the myocardium in experimental coronary occlusion. 13 -15 Gallagher and coworkers 14 noted dissociation between subepicardial and subendocardial function during acute nontransmural myocardial ischemia. They reported that subendocardial shortening in circumferential fibers was significantly reduced during a partial coronary stenosis that produced subendocardial ischemia. However, shortening of epicardial fibers parallel with surface fiber orientation was maintained as long as flow remained normal to the subepicardium. Total coronary occlusion produced ischemia and dysfunction of both myocardial layers.
The purpose of the current study was to examine the functional consequence of subendocardial abnormalities in coronary blood flow present in pressureoverload hypertrophy by use of this ability to separate subendocardial and subepicardial function. We simultaneously measured subendocardial and subepicardial shortening by ultrasonic dimension gauges and measured subendocardial and subepicardial coronary blood flow by use of microsphere techniques in dogs with pressure-overload hypertrophy. Comparison was made with normal dogs at rest and during pacing-induced stress.
Materials and Methods

Experimental Preparation
Aortic banding. Pressure-overload left ventricular hypertrophy was induced by banding mongrel puppies at 8-10 weeks of age. The dogs were anesthetized with droperidol-fentanyl (Innovar, Janssen Pharmaceutica, Piscataway, New Jersey) and isoflurane and ventilated by a respirator. A right thoracotomy was performed through the third intercostal space, and a pericardial cradle was created. A 0.5-cm wide umbilical tape band was implanted around the ascending aorta distal to coronary arteries. While simultaneously measuring left ventricular and distal aortic pressure, the band was tightened to produce an average peak systolic pressure gradient of 29±3 mm Hg. The chest was closed, and the animals were allowed to recover. As the animals grew, the fixed band produced gradually increasing left ventricular pressure overload.
Preparation for studying function and blood flow. Three months after banding, seven aortic-constricted dogs were studied in an identical fashion to seven normal control dogs. The animals were anesthetized with Innovar and a minimum dosage of isoflurane and were mechanically ventilated. A pigtail catheter was inserted into the left ventricle and was connected to a mercury-calibrated strain gauge. A micromanometer-tipped catheter (model SPC350, Millar, Houston, Texas) was externally calibrated and inserted into the left ventricle through the femoral artery where it was aligned with the tracing from the mercury-calibrated pigtail catheter. The pigtail catheter was then withdrawn to the descending aorta where it was used for pressure measurement and for blood sampling during microsphere injection. After the pressure gradient across the constriction was measured, a left thoracotomy was performed in the fifth intercostal space, and the heart was suspended in a pericardial cradle. A catheter was inserted into the left atrium via the atrial appendage to enable measurement of left atrial pressure and also to inject microspheres. The left circumflex artery was exposed just distal to the bifurcation with the left anterior descending artery. A cuff occluder was placed around the circumflex artery. The occluder would eventually be used to cause a partial coronary occlusion to prove that separation of subendocardial and subepicardial function could be demonstrated in every case.
Two pairs of ultrasonic dimension gauges (Sonomicrometer 120, Triton Technology, San Diego, California) were placed in the myocardium in the region supplied by the circumflex coronary artery to measure regional subendocardial and subepicardial dimensions. The subendocardial crystals were placed perpendicular to the long axis of the ventricle and, therefore, parallel to the direction of the circumferential fiber orientation. The subepicardial crystals were oriented in the direction of the subepicardial fibers that run obliquely across the surface of the ventricle at an angle of approximately 50° to the circumferential plane ( Figure I ). 14 The position of the crystals was examined carefully at the time of necropsy to verify that they were positioned correctly.
Experimental Protocol
The same protocol was followed in control dogs and dogs with hypertrophy. After completion of instrumentation, isoflurane was reduced to 0.5%, and anesthesia was maintained by inhalation of nitrous oxide and oxygen. Control measurements of subendocardial and subepicardial function were made simultaneously with determination of coro- Baseline nary blood flow. To prove that we could separate subendocardial and subepicardial function during nontransmural ischemia, a partial occlusion of the circumflex coronary artery was made after control hemodynamic and dimension data were recorded. A partial coronary stenosis was created by gradually inflating the cuff occluder while monitoring subendocardial and subepicardial dimensional shortening. In every animal, a level of stenosis could be produced in which the shortening of the subendocardial segment was reduced while the subepicardium still shortened normally ( Figure 2 ). Thus, if pacing stress did not induce a reduction in subendocardial shortening, it would not be secondary to our inability to discern such a change if it were present. During partial coronary occlusion, coronary blood flow was again measured.
To prove that transmural ischemia, if present, could produce transmural reduction in function, the circumflex artery was totally occluded, and hemodynamic and dimension data were again recorded ( Figure 2 ). After sufficient time for recovery, the cuff was removed, and control dimension and hemodynamic data were again recorded. Then, atrial pacing was performed for 5 minutes at a rate of 180-200 beats/min during recording of hemodynamic and dimensional data. A final determination of coronary blood flow was made after 2 minutes of pacing. Dimension data were recorded just before pacing and beginning five beats after cessation of pacing. At all times during pacing, aortic diastolic pressure was 60 mm Hg or more; thus, hypotension was not responsible for coronary perfusion abnormalities.
Measurement of Myocardial Blood Flow
Regional myocardial blood flow was measured by injecting approximately 3 million 15-^m carbonized FIGURE 2. Recordings showing effects of coronary partial and total occlusion on segmental length and hemodynamics. During partial coronary occlusion, the subendocardial end-systolic length increased and subendocardial shortening fraction decreased, but subepicardial dimension and shortening fraction did not change. During total occlusion, there was dyskinesis with maximum lengthening in systole and maximum shortening in diastole in both the subendocardium and subepicardium. EPI, subepicardial segment length; ENDO, subendocardial segment length; LVP, left ventricular pressure; AOP, aortic pressure; LAP, left atrial pressure; P. O., partial occlusion; T. O., total occlusion. The dotted line shows the end systole.
microspheres (New England Nuclear, Boston, Massachusetts) labeled with gamma-emitting radionuclides 51 Cr, 103 Ru, and 141b Ce into the left atrium. Before injection, microspheres were agitated for at least 20 minutes in an ultrasonic bath. Beginning 30 seconds before injection, a reference sample of arterial blood was withdrawn from the aortic catheter at a constant rate of 7.75 ml/min for 2 minutes.
At the end of the experiments, the dogs were killed with an injection of potassium chloride. The hearts were removed, and the atria, right ventricle, aorta, valve tissue, and large epicardial blood vessels were dissected from the left ventricle. The left ventricle was weighed and fixed in 10% buffered formalin for at least 3 days. The left ventricle was sectioned into three transverse rings. The rings were divided radially into four anatomic sections: anterolateral, anteroseptal, posteroseptal, and posterolateral. Sectioning was performed so that the first two sections corresponded to the area supplied by the left anterior descending artery and the last two sections corresponded to the area supplied by the circumflex artery. These sections were subdivided into three transmural layers of approximately equal thickness from the epicardium to the endocardium. Each tissue sample then was weighed and placed in a separate vial for scintigraphic counting. Myocardial and blood reference samples were analyzed in a gamma multichannel analyzer (model 8000, Beckman Instruments, Fullerton, California) at window settings corresponding to the peak energies of each radionuclide. The activity recorded in each energy window was corrected for background and for overlapping counts contributed by the accompanying isotopes with the aid of a digital computer. Blood flow in each myocardial specimen (Qm) was computed by the formula Qm=QrxCm/Cr, where Qr is reference blood flow (7.75 ml/min), Cm is counts per minute from the myocardial specimen, and Cr is counts per minute from the reference blood specimen. Blood flows were divided by the sample weights and expressed as milliliters per minute per gram of myocardium.
Data Analysis
Hemodynamic data (heart rate, left ventricular pressure, aortic pressure, and mean left atrial pressure) and subendocardial and subepicardial dimensions were recorded simultaneously on a multipurpose recorder (model 58L, Honeywell, Minneapolis, Minnesota) and were collected 1) during the baseline state, 2) just before the partial coronary occlusion was created (partial occlusion control), 3) during partial coronary occlusion, 4) just before total coronary occlusion, 5) during total coronary occlusion, 6) just before atrial pacing was started (pacing control), and 7) five beats after cessation of atrial pacing (after pacing). We made our comparison of performance before and after pacing rather than during pacing (when coronary blood flow was measured) because pacing itself alters loading and consequently end-systolic and end-diastolic volume. Therefore, we compared shortening fraction immediately before pacing with shortening fraction immediately after pacing when loading conditions between the two situations were comparable and effects of ischemia, if induced by pacing, would still be present. Dimension data analysis included segment length at end diastole (EDL) and at end systole (ESL). EDL was identified as the point just before the positive dP/dt signal. ESL was defined as the maximum systolic excursion occurring at or before 20 msec before peak negative dP/dt. Shortening fraction was calculated as 100x(EDL-ESL)/ EDL. Subendocardial and subepicardial segment length were normalized to a 10-mm dimension by dividing individual dimensions by each control enddiastolic dimension and multiplying by 10.
Rate pressure product was calculated before and during pacing as heart rate times left ventricular pressure averaged between early and late pacing.
Statistics
Two-way analysis of variance (ANOVA) for repeated measures for dimension, hemodynamic, and blood flow data was used to test for significant differences between the control state and partial coronary occlusion or between the control state and pacing stress in normal dogs and dogs with left ventricular hypertrophy. 18 A t test with Bonferroni correction was used for multiple comparisons within the ANOVA. A t test was used to compare the anatomic and hemodynamic data in the baseline state between the dogs with left ventricular hypertrophy and normal dogs. Dispersion from the mean is reported as standard error of the mean. A value of 5 was considered statistically significant. Table 1 compares myocardial mass data and resting hemodynamic data in control dogs and those with hypertrophy. The peak-to-peak pressure gradient across the band was 95 ±35 mm Hg in dogs with hypertrophy. The left ventricular weight/body weight ratio at necropsy was 4.5±0.2 in control dogs compared with 7.2±0.4 in dogs with left ventricular hypertrophy (p<0.001). Thus, aortic banding resulted in a 60% increase in left ventricular mass compared with controls.
Results
Baseline Characteristics
Ability to Separate Subendocardial and Subepicardial Function
It was necessary in each animal to demonstrate our ability to separate subendocardial and subepicardial function. By making this demonstration, we would know that if no isolated subendocardial dysfunction occurred during pacing, it would not be due to our inability to detect isolated change. Table  2 summarizes segmental performance and coronary blood flow data in the control state and during partial occlusion and summarizes segmental data during total occlusion. The effects of partial occlusion on segmental performance and blood flow were similar in both normal and hypertrophied groups. Figure 2 demonstrates representative recordings of subendocardial and subepicardial segment lengths, left ventricular pressure, aortic pressure, and left atrial pressure obtained from a dog with hypertrophy. Data are shown for the baseline state, during partial occlusion, and during total occlusion. In the course of gradually occluding the circumflex artery, we observed that subendocardial end-systolic length increased and that subendocardial shortening fraction decreased, whereas no changes in subepicardial dimensions or subepicardial shortening fraction occurred in either group. During partial occlusion, the subendocardial end-systolic length increased from 7.1±0.3 to 8.1+0.2 mm (p<0.05) in the control group and from 6.4±0.3 to 7.8±0.4 mm (/><0.01) in the hypertrophy group. Subendocardial shorten- ing fraction was reduced in both groups during partial occlusion. Subendocardial blood flow in the region supplied by the anterior descending artery increased during partial occlusion compared with the baseline state in the control group but did not change in the hypertrophy group. In contrast, subendocardial blood flow to the circumflex region decreased significantly during partial occlusion compared with the baseline state, and circumflex subendocardial blood flow was significantly less than anterior descending subendocardial blood flow in both groups. The subendocardial blood flow supplied by the circumflex artery during partial coronary occlusion was 46±4% of the baseline flow in the control group and 53 ±9% of the baseline state in the hypertrophy group. Subepicardial blood flow was not significantly different in each area. The heart rate, left ventricular pressure, aortic pressure, and left atrial pressure did not change during partial occlusion. During total circumflex artery occlusion ( Figure  2) , the end-systolic length of both subendocardium and subepicardium increased, and the shortening fraction of both layers decreased in both groups. ENDO 
Pacing on
Pacing off Table 3 demonstrates the segmental performance data and hemodynamic data in the control state and soon after pacing was stopped for both groups. Figure 3 (control) and Figure 4 (hypertrophy) demonstrate representative data from original recordings of subendocardial and subepicardial dimension gauges and left ventricular, aortic, and left atrial pressure obtained from a control dog and a dog with left ventricular hypertrophy, respectively. Subendocardial end-diastolic length was similar before and after pacing in both groups. Subendocardial end-systolic length did not change during pacing or after pacing in the control group. In contrast, in the hypertrophy group, subendocardial end-systolic length tended to decrease after pacing started, gradually increased during pacing, and was significantly increased compared with baseline (/><0.05) soon after pacing was stopped. Figure 5 demonstrates the change in subendocardial and subepicardial short-ening fraction soon after cessation of pacing as a percentage of the baseline state in both groups. In the control group, subendocardial shortening fraction soon after cessation of pacing was similar to the resting state. In contrast, in the hypertrophy group, subendocardial shortening fraction was reduced by 20±3% (p<0.001) after pacing. It took 1-5 minutes (average 2 minutes) after pacing for the subendocardial end-systolic length and subendocardial shortening fraction to recover completely in the hypertrophy group.
Effects of Atrial Pacing
Unlike the subendocardium, subepicardial endsystolic length and shortening fraction did not change in either group from baseline to cessation of pacing. Figure 6 shows myocardial blood flow in the control state and during pacing. Subendocardial blood flow increased from 1.32±0.19 to 1.80±0.19 ml/min/g (/><0.001) in the control group. However, subendocardial blood flow did not increase during pacing in the hypertrophy group (1.21±0.17 ml/ beats/min). The left ventricular pressure was similar before and after cessation of pacing in the control group. In the hypertrophy group, left ventricular pressure was less immediately after cessation of pacing (157+4 mm Hg) than at baseline (170±8 mm Hg,/?<0.05). There were no differences in the aortic diastolic pressure before pacing, during pacing, or after pacing in either group, nor were there differences in aortic pressure between groups. There was no statistically significant difference in the left atrial pressure between groups in the baseline state. The left atrial pressure (Table 3 ) did not change from baseline during pacing or soon after cessation of pacing in normal dogs. In contrast, in the hypertrophy group, it increased from 7±1 to 10±2 mm Hg soon after pacing started (p<0.01), gradually increased further during pacing, and reached 13±2 mm Hg just before the cessation of pacing. After cessation of pacing, left atrial pressure in the hypertrophy group was similar to baseline (7+1 vs. 9+1 mm Hg) but was higher than that of the control group (4±1 vs. 9±1 mm Hg). The rate pressure product increased from 117± 13 x 10 3 to 200±14x 10 3 beats • mm Hg (p<0.001) in the control group and from 187±14xl0 3 to 277±20xlO 3 beats • mm Hg (/><0.001) in the hypertrophy group during pacing. Although the rate pressure product was higher in the dogs with hypertrophy than in the control dogs, both in the baseline state and during pacing, the percent change from baseline was the same in both groups with the value of 38±5% in controls and 39+6% in the hypertrophy group.
Discussion
The major finding of this study was that a chronotropic stress induced subendocardial dysfunction in pressure-overload left ventricular hypertrophy. Subendocardial dysfunction coincided with a failure of subendocardial blood flow to increase during pacing. As such, this study clearly demonstrates for the first time the functional significance to the myocardium of previously established abnormalities in subendocardial blood flow in pressureoverload hypertrophy. 1 -7 This abnormality was not present in control animals. Furthermore, subepicardial function and blood flow were preserved in the hypertrophy group; this finding indicates that, when dysfunction does occur, it is primarily a subendocardial phenomenon. The functional dissociation between subendocardium and subepicardium during pacing in dogs with hypertrophy was analogous to that observed during partial coronary occlusion in both groups. These data indicate that the subendocardial dysfunction that we observed during pacing stress in the hypertrophy group was induced by ischemia. The ischemia occurred as the increase in subendocardial blood flow failed to match the increase in myocardial oxygen consumption necessitated by the pacing-induced 39% increase in rate pressure product. Conversely, during pacing in the control group, which produced a similar increase in rate pressure product (38%), subendocardial blood flow increased (36%), and no functional abnormality was noted. Additional evidence for stressinduced subendocardial contractile dysfunction is shown in Figure 7 . The reduction in subendocardial shortening fraction that we observed in the hypertrophy group could have occurred secondary to contractile dysfunction, decreased preload, or increased afterload. End-diastolic length did not change; this finding indicated that it was not reduced preload that reduced subendocardial shortening fraction after pacing. End-systolic length is determined by afterload and contractile state. End-systolic pressure did not change in the hypertrophy group after stress, yet subendocardial end-systolic length increased. Thus, a longer segment length against similar afterload strongly suggests that contractile dysfunction accounted for the reduction in subendocardial shortening fraction after pacing in the hypertrophy group.
Separation of Function Between the Endocardium and Subepicardium
Our study is based on methods that separate subendocardial and subepicardial function that have been previously described by Gallagher et al. 14 They reported that during a partial coronary stenosis that produced subendocardial ischemia, shortening of subendocardial circumferential fibers was reduced, but epicardial fibers running parallel to the long axis in the same coronary distribution maintained normal function. On the other hand, total coronary occlusion produced contractile dysfunction in both the subendocardial and the subepicardial layers of the heart. In each case in our study, subendocardial shortening was depressed during partial coronary occlusion, but subepicardial shortening parallel to the long axis orientation was preserved. During partial occlusion, subendocardial blood flow supplied from the circumflex artery measured simultaneously with segmental shortening was 46% of the baseline value in the control group and 53% of the baseline value in the hypertrophy group. Subendocardial shortening fraction fell significantly in each group. In contrast, subepicardial blood flow and segmental shortening were preserved during partial coronary occlusion. During total coronary occlusion, both subendocardial and subepicardial function deteriorated. These studies served to demonstrate that subendocardial and subepicardial function were separable in each case and that regional dysfunction, when it occurred, could be detected.
Comparison With Other Studies of Cardiac Hypertrophy
Several investigators have studied the effects of pacing on the myocardial blood flow in dogs with hypertrophy; the results are summarized in Table 4 . All studies except one 19 demonstrated an abnormality of subendocardial blood flow during pacing in dogs with pressure-overload hypertrophy. Alyono et al 7 also demonstrated the failure of subendocardial blood flow to increase in conscious dogs with aortic valvular stenosis at a pacing rate of 200 beats/min. Bache et al 5 reported that during pacing at a rate of 200 beats/min subendocardial blood flow increased, but at a pacing rate of 250 beats/min flow did not increase compared with the control state in aortic-banded conscious dogs with hypertrophy. Borkon et al 6 reported that subendocardial blood flow did not increase during pacing in anesthetized Newfoundland dogs with congenital subaortic stenosis. The failure of endocardial blood flow to increase in our experiments is consistent with their results. On the other hand, Mueller et al, Vrobel et al, and Fujii et al reported an increase in subendocardial blood flow during pacing in aortic-banded conscious dogs. However, despite the absolute increase in subendocardial flow, these authors demonstrated a relative redistribution of blood flow away from the subendocardium during pacing, which is consistent with our results.
The above study-to-study variations in the response of subendocardial coronary perfusion to pacing stress might be caused by differences in pacing rate, differences in the severity of hypertrophy, differences in the model used to create hypertrophy, and differences between the conscious and the anesthetized state ( study is that it was performed in the anesthetized state. Most studies have shown relative subendocardial hypoperfusion in the anesthetized state versus the conscious condition. The subendocardial-tosubepicardial blood flow ratio has ranged from 1.1 to 1.4 in awake normal animals 2 ' 4 -5 -7 -11 -20 ' 21 compared with 0.8 to 1.1 in normal anesthetized animals. 6 -21 - 25 We wish to emphasize that, despite anesthesia, our blood flow results were similar to those Alyono et al 7 performed in conscious dogs. Further, our study remains significant because it is still the first to demonstrate a subendocardial contractile deficit as a functional correlate to the subendocardial blood flow abnormalities that have previously been described. Finally, our data remain relevant to the many patients with left ventricular hypertrophy who may develop a tachycardia during anesthetic procedures.
Although subendocardial hypoperfusion during chronotropic stress in dogs with hypertrophy has been demonstrated by several investigators, few studies of the effects of these abnormalities on myocardial function have been reported. Fujii et al 12 studied global systolic and diastolic function during chronotropic stress induced by atrial pacing in post-aortic-banded dogs with hypertrophy. During pacing at the rate of 240 beats/min, the left ventricular pressure decreased, and mean velocity of circumferential fiber shortening also decreased in the hypertrophy group. The fall in global circumferential fiber shortening, despite a fall in afterload, suggested myocardial dysfunction. However, it could not be determined if the dysfunction was global or corresponded specifically to abnormalities in suben-docardial blood flow. We have extended this work in the present study to demonstrate that it is only subendocardial dysfunction that occurs during pacing stress and that subendocardial dysfunction corresponds to the reduction in subendocardial blood flow.
Our studies do not shed light on the mechanism by which subendocardial blood flow was limited during pacing. Aortic diastolic pressure was maintained, and thus, hypotension was not the cause of abnormalities that we observed. Limitation in capillary bed size in hypertrophy 126 and ventricular compressive forces are two other possibilities for limiting blood flow during pacing. Left atrial pressure in the left ventricular hypertrophy group rose modestly (6 mm Hg) during pacing. It is possible that increased ventricular diastolic pressure compressed the endocardial vascular bed and reduced coronary blood flow. However, in view of the only modest increase in pressure that we observed, it seems more likely that it was a limitation in capillary bed size or some other property of the hypertrophic muscle itself that was responsible for the abnormality in subendocardial blood flow and resultant fall in contractile function that occurred during pacing.
In conclusion, our study of pacing-induced stress in animals with pressure-overload left ventricular hypertrophy found a failure of appropriate increase in subendocardial blood flow. This abnormality in blood flow corresponded with a simultaneous occurrence of subendocardial contractile dysfunction. Thus, it is likely that stress-induced subendocar-dial ischemia resulted in subendocardial myocardial dysfunction.
